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S U I I , l M A R Y
Sul fa te  reducers  fo rm an ecophys io log ica l  g roup o f  bac ter ia
wh ich  grow a t  the  expense o f  the  anaerob ic  ox ida t ion  o f  o rgan ic
compounds or  hydrogen in  p rocesses  l inked to  the  reduc t ion  o f
su l fa te  to  su l f i c le .  Th is  thes is  ma in ly  dea ls  w i th  the  e lec t ron
donor  metabo l ism o f  these types  o f  bac ter ia .  The in t roduc t ion
of  th is  thes is  (Chapter  1  )  g ives  a  survey  o f  the  proper t ies  o f
su l fa te  reducers  and o f  Lhe i r  ro le  in  the  anaerob ic  mineraL iza-
t ion  o f  o rgan ic  mat te r  in  na tura l  sed iments .  Chapters  2  and 3
c lea l  w i th  the  lac ta te  metabo l ism o f  Desu l fov ib r io  HL21 |  a  bac-
te r ium wh ich  u t i l i zes  lac ta te '  py ruvate ,  e thano l ,  fo rmate  and
hyc l rogen as  growth  subs t ra tes .  A t  the  s ta r t  o f  the  exper imenta l
work  descr ibed in  th is  thes is  hard ly  any th ing  was known about
the  b iochemis t ry  o f  the  ox i i la t ion  o f  lac ta te  to  pyruvate  in
su l fa te - reduc ing  bac ter ia .  In  Desu l fov ib r io  t t l ,21  an  ex t remêly
o x y g e n - s e n s i t i v e ,  N A D ( P ) - i n c l e p e n d e n t ,  m e m b r a n e - b o u n d  L ( + )
lac ta te  dehydrogenase was demonst ra ted .  The syn thes is  o f  the
enz lzme is  regu la ted  as  appears  f rom the  fac t  tha t  the  ac t iv i -
t ies  in  pyruvate  and hydrogen-grown ce l l s  a re  lower  than in
lac ta te -grown ce l l s .  The ox ida t ion  o f  lac ta te  to  pyruvate  (8" '
=  -1  90  mV)  is  thermodynamica l l y  un favourab le  compared w i th  the
o x i d a t i o n  o f  p y r u v a t e  t o  a c e t y l C o A  ( E " r =  - 4 9 6  m V )  o r  o f  H 2  t o
6 +  ( E " '  =  - 4 ' l  4  m V )  .  Y e t  D e s u l f o v i b r i o  H L 2 1  d o e s  n o t .  h a v e  a
spec ia l  p re fe rence fo r  one o f  the  subs t ra tes ;  L - Iac ta te ,  pyru-
va te  and hydrogen are  u t i l i zed  s imu l taneous ly .  Hyc l rogen inh i -
b i ted  Iac ta te  u t i l i za t ion  by  lac ta te -grown ce l l s  fo r  about
50* .  Th is  f ind ing  makes the  hydrogen cyc le  fo r  g rowth  on  lac -
ta te  as  pos tu la ted  by  Odom and Peck  very  un l i ke1y .
Desu l fov ib r ío  p rop ion icus  is  a  recent ly  íso la ted  new type o f
su l fa te - reduc ing  bac le r ium.  Bes ides  the  subs t ra tes  tha t  were
m e n t i o n e d  f o r  D e s u l f o v i b r i o  H L 2 1 ,  t h i s  s p e c i e s  c a n  a l s o  o x i d i z e
prop ionate  to  ace ta te  and COZ.  In  the  absence o f  su l fa te  i t .
fe rments  lac ta te r  t r l ruva te  and e thano l  (+  CO2)  to  p rop ionate
and aceta te .  The pa thway tha t  Desu l fobu lbus  fo l lows fo r  the
format ion  o f  p rop ionate  r Í ías  e luc ida te i l  and  is  descr ibed in
chapter  4 .  Exper iments  w i th  labe led  e thano l  as  we l l  as  measure-
ments  o f  enz) rme leve ls  showed tha t  the  so-ca l led  succ ina te
pathway is  p resent  in  Desu l fobu lbus .  Th is  rou te  shows c lose
s imi la r i t ies  w i th  tha t  o f  Prop ion ibac ter ium.  Most  p robab ly  the
same pathway is  used fo r  the  ox ida t ion  o f  p rop ionate  to  ace-
f a + ê
The fo rmat ion  o f  po ly -B-hydroxybuty ra te  (Pr íB)  as  a  s to rage
compound had been c lescr ibe i l  fo r  Desu l fov ib r io  g igas  and some o f
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the  new types  o f  su l fa te  reducers .  In  chapter  5  i t  i s  shown
that  a lso  po lyg lucose can occur  as  a  s to rage compound in  cer -
t a i n  s t r a i n s  o f  s u l f a t e - r e d u c i n g  b a c t e r i a .  T h e  r e s e r v e  m a t e r i a l
o f  D .  g igas  tu rned ou t  to  be  po lyg lucose and no t  PHB.  Some
st ra ins  fo rm po lyg lucose on ly  in  med ia  w i th  l im i t ing  amounts  o f
p h o s p h a t e ,  n i t r o g e n  o r  i r o n .  T h e  p o l y g l u c o s e  o f  D e s u l f o v i b r i o
HL21 can serve  as  a  reserve  carbon source  and most  l i ke ly  a lso
a s  a  r e s e r v e  e n e r g y  s o u r c e .  T h e  f o r m a t i o n  o f  p o l y g l u c o s e  b y
su l fa te  reducers  i s  remarkab le ,  espec ia r ly  s ince  the  s t ra ins
were  unab le  to  g row wi th  g lucose.
The chapters  5  to  9  re fe r  d i rec t l y  o r  in i l i rec t l y  to  the
u t i l i z a t i o n  o f  a m i n o  a c i d s  b y  s u l f a t e - r e d u c i n g  b a c t e r i a .  A t  t h e
s tar t  o f  the  research  pro jec t  on ly  very  few repor ts  had ap-
peared wh ich  ment ioned the  u t i l i za t ion  o f  amino ac ids  as  energy
subs t ra tes  fo r  su l fa te - reduc ing  bac ter ia .  on  the  o ther  hand,  i t
was  repor te i l  tha t  the  i legra i la t ion  o f  amino ac i i l s  in  f reshwater
sed iments  was inh ib i ted  fo r  the  grea ter  par t  by  molybdate ,  a
s p e c i f i c  i n h i b i t . o r  o f  s u l f a t e  r e d u e t i o n .  T h e  r e s u l t s  o f  t h e
exper iments  w i th  mo lybdate  can be  in te rpre ted  in  two $rays :
amino ac ids  a re  e i ther  d i rec t l y  ox ié l i ze t l  by  su l fa te  reducers  o r
are  degraded by  syn t roph ic  assoc ia t ions  o f  amino ac id - fe rment -
ing  anc l  su l fa te - reduc ing  bac ter ia .  I t  was  shown in  th is  thes is
tha t  bo th  poss ib i l i t i es  may occur .  Chapter  6  descr ibes  the  iso-
la t ion  and charac ter iza t ion  o f  a  g lu tamate- fe rment ing  bac te-
r ium,  wh ich  in  pure  cu l tu res  degrades  g lu tamate  s lowly  and in -
comple te ly  to  ace ta te ,  NH4* ,  hydrogen,  CO2 and fo rmate .  In  the
presence o f  su l fa te - reduc ing  or  methanogen ic  bac ter ia  (o rgan-
isms wh ich  cannoÈ gro \ r7  on  g lu tamate)  a  fas t  and comple te  ox ida-
t ion  was observed.  In  these cu l tu res  prop ionate  was an  adc l i t io -
na1 impor tan t  fe rmenta t ion  produc t .  Fur ther  work  showed tha t
s e v e r a l  a m i n o  a c i c l s ,  a m o n g  w h i c h  a l - a n i n e ,  v a l i n e ,  I e u c i n e ,
th reon ine  anc l  l ys ine  were  on ly  degra i lec l  in  cocu l tu re  w i th  su I -
fa te - reduc ing  or  methanogen ic  bac ter ia .  The fo rmat ion  o f  p rop i -
onate  as  we l l  as  the  syn t roph ic  degradat ion  o f  amino ac ids  a re
due to  a  decrease o f  the  hydrogen par t ia l  p ressure  by  su l fa te -
r e d u c i n g  o r  m e t h a n o g e n i c  b a c t e r i a .
The u t i l i za t ion  o f  amino ac ids  as  energy  subs t ra tes  by  su I -
fa te  reducers  occurs ,  bu t  i s  no t  a  co Í rmon proper ty  o f  these
types  o f  bac ter ia .  In  chapter  7  two mar ine  Desu l fov ib r io
s t r a i n s  a r e  d e s c r i b e d  w h i c h  g r o w  w i t h  a l a n i n e ,  s e r i n e .  g l y c i n e ,
aspar ta te  and some o ther  amino ac ids  as  energy  subs t ra tes .
Desu l fov ib r io  HL21 ,  however ,  i s  a  representa t ive  o f  the  su l fa te
reducers  tha t  a re  no t  ab le  to  g row wi th  amino ac ids  as  energy
sources .  In  chapter  8  i t  i s  shown tha t  th is  bac ter ium can use
a lan ine ,  ser ine  and aspar ta te  as  a  source  o f  carbon and n i t ro -
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gen in  the  presence o f  H2 as  the  energy  subs t ra te .  The a lan ine
metabo l ism was inves t iga ted .  As  i t  was  shown tha t  a lan ine  is
metabo l ized  v ia  an  NAD(P)  depenc len t  a lan ine  dehydrogenase,
wh ich  leads  to  the  fo rmat íon  o f  pyruvate ,  i t  was  d i f f i cu l t  to
conce ive  why the  s t ra in  does  no t  g row wi th  a lan ine  as  an  energy
subs t ra te .  Unfavourab le  k ine t ic  p roper t ies  o f  the  a lan ine  dehy-
drogenase and a  subs tan t ia l  repress ion  o f  i t s  syn thes is  a t
p h y s i o l o g i c a l  N H 4 +  c o n c e n t r a t i o n s  w e r e  i d e n t i f i e d  a s  f a c t o r s  o f
major  impor tance j -n  th is  respec t .  Fur thermore ,  g rowth  in  the
p r e s e n c e  o f  a l a n i n e  1 e d  t o  a n  i n c r e a s e  o f  t h e  i n t r a c e l l u l a r
NADH, /NAD ra t io ,  f rom wh ich  i t  h ras  conc luded tha t  a  poor
coup l ing  be tween NADH ox ida t ion  and the  process  o f  su l fa te
reduc t ion  migh t  be  an  a i ld i t iona l  fac to r  con t r ibu t ing  to  the  in -
ab i l i t y  o f  the  s t ra in  to  g row wi th  a lan ine  as  an  energy  sub-
s t r a t e .
F ina l l y  in  chapter  9  the  a lan ine  metabo l ism o f  the  above
ment ioned mar ine  Desu l fov ib r io  s t ra ins  and o f  Desu l fo tomacu lum
r u m i n i s ,  a  s p o r e - f o r m i n g ,  s u l f a t e - r e d u c i n g  b a c t e r i a  w h i c h  i s
a lso  ab le  to  g row wi th  a l -an ine ,  was  inves t iga ted .  In  a l l
s t ra ins  a lan íne  most  p robab ly  i s  degraded v ia  an  NAD-dependent
a l a n i n e  d e h y d r o g e n a s e .  T h e  a c t i v i t i e s  o f  t h i s  e n z y m e ,  h o w e v e r ,
c l i f fe red  s t rong ly  among the  th ree  s t ra ins .  Wi th  respec t  to  the
ox ida t ion  o f  NADH,  i t  appeared tha t  in  the  two Desu l fov ib r io
s t r a i n s ,  i n  c o n t r a s t  w i t h  D e s u l f o v i b r i o  H L 2 l t  m e m b r a n e - b o u n d
NADH dehydrogenases  were  present ,  wh i le  in  D.  rumin is  very  h igh
ac t iv i t ies  o f  a  cy top lasmic  NADH dehydrogenase were  demon-
s t r a t e d .
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